Purpose Inflammation in chorionic villi is involved in the development of recurrent pregnancy loss (RPL). High mobility group box 1 protein (HMGB1) plays critical roles in inflammation and expression of the protein can be found in chorionic villi. The purpose of the study was to investigate the association between HMGB1 genetic polymorphisms and susceptibility to RPL and to examine the mechanism underlying this correlation. Methods Two HMGB1 polymorphisms, rs2249825C/G and rs1412125T/C, were examined in 112 RPL patients and 118 healthy controls by the polymerase chain reaction-restriction fragment length polymorphism assay.
Introduction
Recurrent pregnancy loss (RPL) has been a challenging problem in reproductive medicine [13] . Approximately 2 % of reproductive couples in the world are affected by the disease [14] . Mechanism of the disease remains elusive [14, 13] . Immunopathological examinations of the placental implantation site often show decidual inflammation and decidual fibrin deposition in RPL cases [15] . In addition, literature has reported that thrombotic and inflammatory processes play a major role in spontaneous abortion [15] .
Human high mobility group box 1 protein (HMGB1) is a ubiquitous nuclear protein [21] , and can be found in different kinds of cells in mammalian tissues [17] . HMGB1 acts as a critical extracellular mediator in inflammation processes [16] . It can be automatically released from necrotic cells by simple diffusion into the extracellular milieu [11] . In addition, HMGB1 can be also produced by various immune cells including dendritic cells (DC), monocytes, neutrophils, etc. in response to different stimuli [8] . HMGB1 outside of cells can bind to different receptors, nucleosomes, and DNAs, which causes immune responses in pathological conditions. It has been reported that HMGB1 could be involved in many inflammatory and autoimmune diseases such as sepsis, atherosclerosis, and rheumatoid arthritis, and increased serum levels of HMGB1 have been identified in systemic lupus erythematosus (SLE) and chronic kidney disease [1, 5] . HMGB1 may also participate in the pathogenesis of different tumors. Elevated level of the protein has been reported in lymphoma, pancreatic cancer, and breast cancer [11, 21] . Studies have shown that HMGB1 is generally correlated with tumor metastasis [8] . In addition, HMGB1 may affect other diseases such as diabetes by modulating cell death and damage [5] .
Since HMGB1 plays a major role in inflammation, whereas inflammatory processes are crucial to spontaneous abortion, it is possible that HMGB1 may involve in the pathogenesis of RPL. Single-nucleotide polymorphisms (SNPs) may affect the development of human diseases by interfering with gene expression [12] . In the current study, we first investigated the association between HMGB1 genetic polymorphisms and susceptibility to RPL. As a part of the border between maternal and fetal blood during pregnancy, chorionic villi may greatly influence the pregnancy process [4, 6] . Aberrant chorionic villi have been identified in many RPL patients [9, 10] . Meanwhile, recent study has shown a strong nuclear HMGB1 expression in almost all cells in placentas including chorionic villi [7] . It is possible that the deregulation of HMGB1 in chorionic villi works as a key factor for the development of RPL. Therefore, we further investigated whether HMGB1 polymorphisms could affect the gene expression in chorionic villi.
Materials and methods
Ethical statement All procedures performed in studies were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The study was approved by the Review Board of the Maternal and Child Health Hospital of Jinan City. Informed consent was obtained from all individual participants included in the study.
Study subjects The patient group consisted of 112 women who were diagnosed with idiopathic RPL. Patients who had at least two pregnancy losses before 20 weeks of gestation were invited to participate in the study. All the cases were reported no previous full-term pregnancies. To exclude genetic causes of RPL, only RPL patients and their partners with normal karyotype results were included in the study. Also, all potential participants received a preliminary standard diagnostic protocol which included laparoscopy, hysteroscopy, ultrasound, and comprehensive determination of hormonal status. In addition, acquired thrombophilia was examined by evaluating lupus anticoagulant, anticardiolipin, and antinuclear antibodies. Patients with any maternal clinical conditions that could prevent full-term pregnancy (e.g., uterine abnormality) were excluded. The control group consisted of 118 women and was recruited from the same hospital. All the healthy controls had at least one biological living child and had no history of pregnancy loss or infertility.
DNA extraction and genotyping Genomic DNAwas extracted from 5 ml whole blood using DNA Extraction Kit (Qiagen, Germany). The HMGB1 SNPs were detected using the polymerase chain reaction-restriction fragment length polymorphism method [3] . In brief, PCR was performed in a total volume of 20 μl, which contained 0.5 uM of each primer, 2 μl of PCR buffer (Qiagen, Germany), Taq polymerase (Qiagen, Germany), 0.2 mM of dNTP, and 200 ng of genomic DNA. The primers for rs2249825C/G polymorphism were 5′ -TGCAAAGCCACGAATTGGCA -3′ and 5′ -GGGTGCTT CTTCTTATGCTC -3′. The primers for rs1412125T/C polymorphism were 5′ -TGCCCAAATCCACAGGCTGT -3′ and 5′ -GAGGGAAGCAGAGGATAGTA -3′. PCR products carrying the polymorphic sites were then digested with the restriction enzymes Taq I and Pst I (NEB, MA, USA), and tested by electrophoresis.
Real-time quantitative reverse transcription PCR (qRT-PCR) and western blot Real-time qRT-PCR was performed using previously published method and some conditions were modified in this study [2] . In brief, total RNA were extracted from the chorionic villi of RPL patients by TRIzol method. Real-time qRT-PCR was the performed using the primers 5′ -AGTTAGATACTCATTCAGAGCAG -3′ and 5′ -TCTTCT TATGCTCCTCCCGACAA -3′ for rs2249825C/G; 5′ -CCTGAGCAGACCACGCCCCT -3′ and 5′ -TAAACACT G C AT GT G C AG TATA C C -3′ for rs 1412 125 T/C. Experiments were performed in triplicates. Data of the realtime qRT-PCR experiments were further analyzed by the 2(−Delta Delta C(T)) method. Protein levels of HMGB1 in chorionic villi were measured by western blot method. In brief, chorionic villi were lysated with lysis buffer, and about 10 mg proteins were separated by 4-12 % gradient sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDSPAGE). The proteins were then transferred to nitrocellulose membranes, and blocked in tris buffered saline-Tween-20 containing 5 % skim milk. Rabbit polyclonal anti-HMGB1 (Abcam, Cambridge, UK) antibody was diluted at the concentration of 1:1000 and was applied to the membranes. The membranes were then washed, incubated for 1 h with horseradish peroxidase-conjugated secondary antibody (Santa Cruz Biotechnology, Santa Cruz, CA), washed again, and developed with ECL-Plus (Amersham Pharmacia Biotech, Uppsala, Sweden).
ELISA Serum concentration of HMGB1 was evaluated using the HMGB1 ELISA Kit II (Shino-test, Tokyo, Japan). ELISA was performed according to the manufacturer′s instruction.
Statistical analyses
The SPSS statistical software package ver.17.0 (SPSS Inc., Chicago, USA) were used for statistical analyses. Hardy-Weinberg equilibrium of the polymorphisms was analyzed using the chi-square test. Distribution of the genotypes and alleles were calculated by the chi-square test. Odds ratios (OR) and 95 % confidence intervals (CIs) were analyzed by unconditional logistic regression. P<0.05 was considered as statistical significance.
Results

Characteristics of the study population
As shown in Table 1 , mean age of the patients and controls was 26.8 and 27.5 years old (P>0.05). Smoking status was not significantly different between the study groups (P>0.05). Each patient in our study group had two to six times of pregnancy loss, and none of them had a biological child. None of the healthy controls had pregnancy loss, and each of them had 1 or 2 biological children.
HMGB1 polymorphisms and susceptibility to RPL
We investigated the distribution of HMGB1 rs2249825 C/G and rs1412125 T/C SNPs in RPL patients and healthy donors ( Table 2 ). For the HMGB1 rs1412125 T/C polymorphism, distribution of the three genotypes was very similar between cases and controls (P=0.905, Table 2 ). Also, prevalence of the rs1412125 alleles was not significantly different between the RPL patients and controls (P>0.05).
HMGB1 polymorphisms and gene expression
To understand the function of the rs2249825 C/G SNP, we first evaluated serum levels of HMGB1 in subjects with different genotypes. However, both patients (Fig. 1a) and controls ( Fig. 1b ) with different genotypes revealed similar level of HMGB1 (P>0.05). Studies have shown that changes in chorionic villi may play critical roles in the development of RPL. We therefore examined expression of HMGB1 in the chorionic villi of RPL patients and controls. Data revealed that both mRNA and protein levels of HMGB1 were significantly increased in chorionic villi of RPL patients (Fig. 2) . We further investigated whether the rs2249825 C/G SNP could affect the gene expression in chorionic villi. Results showed that patients with GG genotype had significantly higher level of HMGB1 mRNA than those with CC or CG genotypes (Fig. 3a) . Protein level of HMGB1 was significantly elevated in patients with CG and GG genotypes compared to those with CC genotype (Fig. 3b) .
Discussion
In the current study, we identified that the HMGB1 rs2249825 C/G SNP was associated with increased risk of RPL. Both mRNA level and protein level of HMGB1 were significantly elevated in the chorionic villi of RPL patients. Moreover, the HMGB1 rs2249825 C/G SNP could up-regulate gene expression in the chorionic villi of RPL patients. These data suggest that HMGB1 expression in chorionic villi may play a role in the pathogenesis of RPL, and HMGB1 SNP may affect the susceptibility to RPL through increasing gene expression in chorionic villi. RPL is a condition when a woman has two or more clinical pregnancy losses (miscarriages) before the pregnancies reach 20 weeks. Many factors could contribute to the development of RPL such as anatomic problems, medical conditions, genetic abnormalities, etc. [13] . Recent evidences have shown that inflammatory processes play a major role in the pathogenesis of RPL. HMGB1 works as an important extracellular mediator in the progress of inflammation. We hypothesized that HMGB1 may be involved in the development of RPL. First of all, by investigating HMGB1 polymorphisms in RPL and healthy subjects, we identified that percentages of HMGB1 rs2249825GG and rs2249825G allele were significantly increased in patients than in controls, indicating an association between HMGB1 polymorphisms and the disease. The HMGB1 rs2249825 SNP has been reported in several literatures [20, 18, 19] . Data have suggested that the HMGB1 rs2249825 polymorphism is significantly associated with hypertension and diastolic blood pressure. Rs2249825 is associated with platinum-based chemotherapy responses in Chinese lung cancer patients. There are also significant differences in sepsis morbidity rate among patients with different genotypes of the rs2249825. The rs2249825 SNP is located at intron 1 of the HMGB1 gene. Study has reported that the SNP may be associated with HMGB1 production in peripheral blood leukocytes. In this study, we did not observe any changes of HMGB1 serum level among the subjects with different rs2249825 genotypes, probably due to that effect of the SNP is too subtle to make an obvious change in serum. Interestingly, we found elevated level of HMGB1 in the chorionic villi of patients with GG genotype (Fig. 3) . It is possible that the effect of the SNP on gene expression is tissue specific.
Chorionic villi greatly influence the pregnancy process. Since HMGB1 expression can be detected in chorionic villi, it is possible that deregulation of HMGB1 in chorionic villi may result in abnormal pregnancy. Here, we identified significantly higher expression of HMGB1 in chorionic villi from RPL patients compared to controls (Fig. 2) , suggesting that modulation of HMGB1 in chorionic villi may be important for the disease. Thus, the effect of HMGB1 rs2249825C/G polymorphism on the susceptibility to RPL could be through upregulating gene expression in chorionic villi.
The rs1412125 is another HMGB1 polymorphism which we examined in the study. A literature has shown that the polymorphism is associated with the platinum-based chemotherapy response in both recessive and genotypic models [18] . Since the SNP is located in the 5′ upstream region of HMGB1 gene, it is possible that it can affect the promoter activity of HMGB1. However, our study did not identify any association between the polymorphism and the risk of RPL (Table 2 ).
In conclusion, we identified an association between HMGB1 rs2249825 C/G SNP and the increased risk of RPL. We also observed elevated HMGB1 expression in chorionic villi of RPL patients. In addition, we found that HMGB1 rs2249825 C/G SNP may up-regulate gene expression in the chorionic villi of RPL patients. These results provide important information on understanding HMGB1 in the pathogenesis of RPL. However, since the subject number of our study is relatively small, it would be necessary to conduct similar experiments in a larger study population.
